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Introduction
It has long been known that the Fourier coeffi cients V\y of crystal potentials can be determined from the spacing of equal thickness fringes in elec tron micrographs 1. For example, Uyeda and Nonoyama 2 determined V.200 of magnesium oxide using the 90 wedges made by cleaving single crystals. However, a high accuracy could not be attained be cause of the difficulties in correcting the many-beam interaction and in calibrating the accurate value of the magnification. The former difficulty is overcome bv the progress of computer calculation and the lat ter one can be avoided by the authors' new method3, where the ratios of fringe spacings are used in the analysis. With these advanced techniques it has be come possible to determine the phase angle as well as the absolute value of Fj,, because in the manybeam theory the extinction distance for the h-reflection includes cross terms of the type v h* Fh_g Vg = |F hM F h_g|-; F g!exp { « ( -^ + ^. , -0 , ) } .
In the present work the equal thickness fringes were taken from 60 wedges of cadmium sulfide crystal, a noncentrosymmetric crystal, and the ab solute value as well as the phase angle of F0002 was obtained. The result was further analysed to deter-* The results of this article have been partially referred to in a review article by one of the authors (A. Ichimiya, J. Cryst. Soc. Japan 18, 13 [1976] . in Japanese). ** Present Address: Dept. of Physics, Meijo University, Tempakuku, Nagoya, Japan. Reprint requests to Dr. A. Ichimiya, Abt. Prof. Moliere, Fritz-Haber-Institut, Faradayweg 4-6, D-1000 Berlin 33.
mine the form factors of cadmium and sulfur atoms at the position of 0002 reflection, and to find the distribution of electrons in the cadmium sulfide lattice.
Experimental
The material used in the present experiment was large cadmium sulfide crystals of wurtzite type made by The Teikoku Tsushin Co., Kawasaki, Japan. Specimens of 60" wedges were prepared by cleaving them along (1010) and (0110). It was fixed on a special holder as described in one of the previous papers 2.
The electron microscope used was JEM-7 oper ated at 100 kV and with an objective aperture of angular size 7.1 X IO-3 racl. The electron micro graphs were taken at (a) 0002-Bragg position, (b) 0004-Bragg position and (c) the symmetric position for 000/ systematic reflections at the same magnifi cation under bright field. The crystal orientations were adjusted each time in such a way that acciden tal reflections were excited as little as possible. An example of a set of electron micrographs is shown in Figure 1 . The fringe profiles were recorded by a micro-densitometer and the distances L(n) between the first minimum and the (n + 1) -th minimum were measured. The average fringe spacings l(n) were calculated by dividing L(n) by n. where the num bers n were 5 or 6 for symmetric, 4 or 5 for 0002 and 2 or 3 for 0004. The notation n is abbreviated in the following description. The ratios of the fringe spacings, h/l2, and /4 /•>, were calculated and used in the analysis, where the suffixes 5, 2 and 4 mean symmetric, 0002 and 0004 respectively. The experimental values of I for fringe numbers are shown in Table I . The Fourier coefficients Vom of cadmium sulfide, where / is even, are given as Vmi = (h*/2 m e) (2/ji Q) [/e Cd + f% exp {2 .i iu l} ] = Vom exp {£ &mi} > (1) where h, m and e are the usual notations, Q is the unit cell volume, / cdorS the atom form factor for electrons of cadmium or sulfur atom, and u the parameter giving the position of sulfur atoms rela tive to cadmium atoms. The atom form factor for electrons /e is related to that for X-rays through the Mott formula
where Z, & and / are respectively the atomic num ber, one half of the scattering angle and the wave length of the electrons. The absolute value V0m , and the phase angle ^om are given as | Vom 1 = (A2/-2 m e) (2/jz Q ) ________________ ■ Vfcd + fs + 2 /cd/e COS (2 jiu I) and (3) &0001 = tan-1 [/I sin (2 n u l) / (/cd+ /! c°s (2 rr u Z))] , where the origin of the co-ordinate is taken at a cadmium atom. There are three unknowns, /cd, / s and u, in Equation (3). Therefore, two of them can be determined if Voooi and (Pmoi are obtained by some means. In the present work | V0oo-2! and ^0002 were obtained by experiment, and /ca and /|w e re calculated by Eq. (3), adopting the value u = 0.375 known in X-ray diffraction 4.
Method of Analysis
According to the dynamical theory, each of the three ratios of the equal thickness fringes is given as a function of Vooojs. However, the unknown vari ables are essentially Fqooo and ^0002 ? because satis factory values of Voooi for Z ^ 4 can be obtained theoretically.
Since the fringe spacings were not uniform, the analysis proceeded in the following way. At first approximate formulas ls/l, = 4 / 4 , Z s/Z4 = AJAS, IJl, = 4 / 4 , (4) were assumed, where As, A2 and zl4 are the separa tions of the two most strongly excited dispersion surfaces at three specified diffraction conditions. The right-hand sides of the above equations were calculated by a systematic 15-beam calculation with various trial values of F0002 and tan $0002 . Fig  ure 2 shows the variation of A2/As against ta n $ 0oo° for several values of I 0002 . The experimental value of l j l 2 is shown by a broken line (a) in Figure 2 . From the intersections of the solid curves and the broken line (a), the relation between F0Ü02 and tan ^0002 was obtained as a broken curve a shown in Figure 3 . Through the same treatment for the other ratios, the curves b' and c shown in Fig. 3 were drawn. From the intersection of the curves, the first approximate values of F0002 and tan $ 0002 were obtained.
The refinement was carried out as follows: The fringe profile for each diffraction condition was where the values of Cs , C2 and C4 are shown in Table I for various fringe numbers. The diagram of F0002 vs. tan $0002 were given as shown in Figure 3 . The curves a, b and c were drawn for the above values of Eqs. (7 a), (7 b) and (7 c) respectively. The area bounded by the broken curves gives the experimental error. From the inter section of the curves, the values of ^0002 and tan ( i>0002 were determined as ! ^00021 = 6.5 ± 0.5 Volt, tan $ 0002 = -0.54 ± 0.04 .
With these values flw and /s were calculated by Eq. (3) as given in Table II . These values included the Debye-Waller factor. After correcting for this factor with B = 0.8 Ä2 (see 8) , the atom form factors for X-rays / x were obtained as given in Table II. The theoretical values of the neutral atoms by Cromer and Mann 9 are also given in Figure 4 shows that an arbitrarily introduced change of 10% in the value of ^0004 as a trial produces a change of less than 1% in the result of j ^0002 and tan < Z > 0002 • No detectable change results in the values of ^0002 and tan ^0002 ? when B is changed from 0.0 to 1.0 Ä2. Therefore, no signifi cant error has arisen either from the use of the theoretical values of Vh for higher orders or from the inaccuracy in the temperature parameter. The effect of accidental reflections is estimated to be smaller than \% under the present experimental condition 10.
The change of V0oo-2! and tan $0002 caused by the change of the parameter u in the range from 0.370 to 0.380 is also shown in Figure 4 . Since this change is very sensitive, it is planned to carry out IV0002I -0.50 -0.55 -0.60 the present method at various acceleration voltages. Then the parameter u can also be determined from experiment 3.
The value of u can be determined also from the intensity of higher order reflections of X-ray dif fraction. If the unpublished data of Takeuchi 8 , are adopted, the atom form factors become as given in the third column of Table II . The value of changes relatively sensitively with the value of u.
We are interested in the deviation of the electron distribution from the theoretical one obtained by the superposition of neutral atoms. From the present experimental results of the first order 0002, the deviation of the one-dimensional distribution along the axis can be roughly reproduced. In Fig. 5 , the deviation is shown for the result of u = 0.375 (solid curve) and for u = 0.379 (broken curve). Both results in Fig. 5 show a higher electron density in region II than the theoretical one. This can be inter* preted by the build up of bonding electrons as well as by the contraction of the electron distribution around each atom. These two possibilities cannot be distinguished from the present data.
